Introduction
Hepatitis E virus (HEV), a member of the genus Hepevirus in the family Hepeviridae is a small RNA virus [1] . HEV infection occurs in mammals, including humans, domestic pigs, wild boar, deer and rodents. HEV has been classified into four major genotypes by molecular characterization and HEV genotype 3 has been identified almost worldwide [2] . HEV is an emerging pathogen worldwide including Asia and the Far East [4] . In Thailand, seroprevalence of HEV ranges from 9% to 22% in adult subjects and increases with age [4] . This prevalence is comparable with the data from east Asia [5] . In occupational risk groups such as pig and poultry farmers who have worked in farms for more than 2 years, HEV prevalence amounted to 27.9% [6] . HEV has been known to be transmitted via contaminated water in endemic areas and recent data have demonstrated animal to human transmission in almost every part of the world [7] [8] [9] .
In developed countries, hepatitis E infection is more common than previously recognized and might be more common than hepatitis A [10] . The majority of patients with acute HEV infection remain asymptomatic [11] .
Objective: To report clinical outcomes and viral genotypes of acute symptomatic hepatitis E virus (HEV) infection in Thailand. Methods: Forty patients with acute symptomatic HEV infection were recruited during [2009] [2010] [2011] [2012] [2013] . Clinical, demographic and laboratory data were collected. Diagnosis was accomplished by detection of anti-HEV IgM and/or HEV RNA in the serum or stool. HEV genotypes were classified by direct sequencing of RT-PCR products and phylogenetic analysis. Results: The high risk group, comprising immune-compromised, liver cirrhosis and very elderly (>80 years) patients (17 cases), had higher levels of serum alkaline phosphatase at presentation compared with the low risk group. Two fatal cases resulted from acute hepatitis E in the high risk group. Initial clinical presentation did not show statistically significant differences. In six cases (6/40) , the virus could be detected in serum or stool by RT-PCR and sequencing. Upon molecular characterization, the viruses were classified as HEV genotype 3f and were in the same cluster as Thai swine HEV. Conclusions: Our data showed that acute HEV infection has various clinical presentations and outcomes. Higher levels of serum alkaline phosphatase were observed in high risk patients. All isolated viruses were identified as HEV genotype 3f possibly originating from swine.
Clinical manifestations of acute hepatitis E can range from asymptomatic to fulminant with ensuing liver failure [12] . The risk of acute or subacute liver failure from acute HEV infection is exacerbated by pre-existing chronic liver disease [13] . In case of liver cirrhosis, HEV infection can induce rapid liver decompensation and death [14] . In contrast to generally healthy individuals, HEV infection can become chronic in post organ transplant patients [15] . Extrahepatic presentations, for example, as previously reported neurological symptoms such as aseptic meningitis and neuralgic amyotrophy are unusual [16] .
Acute HEV infection can be detected by laboratory tests for anti-HEV IgM with sensitivities and specificities of close to 90% and 100%, respectively [17] . False positives of anti-HEV IgM can appear in some conditions including acute hepatitis A [18] . Molecular techniques appear to be complementary for diagnosing HEV infection during early acute infection and in immunosuppressed patients [19] .
Clinical data, outcomes and risk factors of patients with acute HEV infection in Thailand have not been well researched. Our study has aimed at reporting clinical outcomes, distribution of disease and genotypes of acute symptomatic HEV infection in Thailand.
Materials and methods
This study was conducted on acute HEV 
Patients
Forty patients with acute symptomatic HEV infection, who attended or were hospitalized at King Chulalongkorn Memorial Hospital during [2009] [2010] [2011] [2012] [2013] were recruited. Acute HEV infection was diagnosed when the clinical presentation was consistent with acute hepatitis and serum was positive for HEV-IgM. All patients were assessed for other viral hepatitis and chronic liver diseases. Clinical, demographic and laboratory data were collected from the hospital records. Patients were divided into high and low risk groups. The high risk group comprised very elderly patients (>80 years), liver cirrhosis patients or patients who were immunecompromised due to previous organ transplantation, chemotherapy or HIV infection. None of these risk factors applied to patients in the low risk group. This study did not include acute HEV infection during pregnancy. A case of HEV infection with neurological complications has been reported elsewhere [16] .
Clinical assessment
Initial demographic data, clinical presentation and laboratory data were obtained. Duration of hospitalization and clinical outcome were analyzed.
Laboratory methods
Enzyme linked immunosorbent assay (ELISA) was used to determine anti-HEV IgM antibodies (DIA.PRO Diagnostic Bioprobes Srl, Sesto San Giovammi, Milano, Italy) according to the manufacturer's specifications.
HEV-RNA detection and genotyping
The serum and/or stool samples obtained in this study were tested for HEV-RNA by one step-semi-nested reverse transcription polymerase chain reaction (RT-PCR). Briefly, the cDNA was amplified by nested PCR using three primers comprising an inner sense forward primer HE5-1 (nt 19 
HEV sequencing
The cDNA of all samples were amplified by semi-nested PCR with the above primers to determine subtype. The band of interest was excised and purified using the GelElute Extraction kit (5 
Phylogenetic analysis of HEV
All sequences were multiple aligned using Clustal X Version 1.8 and the nucleotide identities with reference sequences were analyzed using the BioEdit Sequence Alignment Editor version 5.0.9. Phylogenetic trees were constructed using the Neighbor-Joining Method of the MEGA (Molecular Evolutionary Genetics Analysis) version 3.1 software. To investigate the relationship between HEV strains, an un-rooted tree topology based on multiple alignments of the ORF1 and ORF2 nucleotide sequences and those of known genotypes from Genbank (genotypes 1, 2, 3a, 3b, 3c, 3d, 3e, 3f and 4) was established by the neighborjoining method, and calculation was done with MEGA 3.1 (http://www.megasoftware.net). Consistency of branching was tested by bootstrap analysis with 1 000 re-samplings of the data using MEGA 3.1. Multiple protein translation and sequence alignments were generated with BioEdit version 7 .0.1 (http://www.mbio.ncsu.edu/BioEdit/bioedit.html).
Statistical analysis
Continuous variables were compared between groups using unpaired t-test and one-way ANOVA. Categorical variables were compared between groups using chi-square/Fisher's exact test. All statistical analyses were performed using SPSS version 16. (Figure 1 ). In this study, 16 of 40 patients were classified as high risk group. Clinical presentations were not statistically different between the high risk and low risk group (Table 2) . Laboratory data were not statistically different between the high risk and low risk group except for higher levels of serum alkaline phosphatase at presentation in the high risk group, (221±119) vs. (156±57) U/L, P=0.01) (Table 3 ). Mean duration of hospitalization was longer in the high risk group than the low risk group (31.8 vs. Overall mortality rate from acute hepatitis E in Thailand was 5% (2/40) . The 90-day mortality rate in patients at high risk was 12.5% (2/16) compared to 0% in the low risk group. Two fatal cases from acute hepatitis E were observed in a very elderly patient and a cirrhosis patient. Cause of death was multi-organ dysfunction related to acute liver failure after acute hepatitis E infection.
Results

From
In six cases (6/40) , the virus could be detected in serum or stool by RT-PCR and sequencing. All sequences were submitted to the GenBank database under accession numbers FJ653660 for complete genome, JX679072-6 for ORF1; GU947815 and JX841316 for ORF2. Phylogenetic analysis of ORF1 and ORF2 sequences in comparison with the known genotypes showed that the viruses were classified as HEV genotype 3f, and they were closely related to swine HEV strains from Thailand (Figure 2 ).
Discussion
This study has reported clinical manifestations of patients who were diagnosed with acute sporadic symptomatic HEV infection and treated at the tertiary hospital between 2009 and 2013. These cases originated from various regions of Thailand which confirmed the sporadic nature of HEV genotype 3. We found that middle-aged and elderly individuals were at higher risk of infection, which is consistent with a previous report [20] , and the majority of patients diagnosed with symptomatic acute HEV hepatitis were male. Acute HEV infection presented with various clinical symptoms, with the most pronounced one being jaundice. These can mimic other viral hepatitis and various causes of hepatitis including drug induced liver injury [21] . None of the HEV patients in this study had a history of epidemic jaundice.
Acute hepatitis E in Thailand presented with clinical symptoms of acute viral hepatitis and tended to be more severe in high risk patients including elderly, cirrhotic and immune compromised patients. This study established that levels of serum alkaline phosphatase at presentation were more pronounced in the high risk group. Multiple conditions such as pregnancy, alcoholic liver disease and pre-existing chronic liver disease were related to high mortality from acute HEV infection [22, 23] .
Extra-hepatic manifestations, such as acute pancreatitis, hematological abnormalities, autoimmune phenomena, and neurological syndromes have been reported, although the pathogenesis of these manifestations has remained unclear [24] . One patient from our study developed extrahepatic neurological complications of acute hepatitis E [16] . Our data have shown that acute HEV infection can have various clinical presentations and outcomes.
Longer duration of hospitalization was observed in elderly, cirrhotic and immune-compromised patients. In this study, the 90-day mortality rate in high risk patients was 12 .5% compared with 0% in the low risk group. Previously reported mortality rates in HEV epidemics have ranged from 0.2% to 4.0%, potentially increasing to 10%-25% in pregnant Table 3 Laboratory data of acute hepatitis E patients classified by patient risk. women [22] . HEV genotype 3 infection has been recognized as zoonotic but the definitive primary source of infection has as yet proven difficult to discover [25] . Eight of our patients had a history of raw pork intake (8/40, 20%) . Evidence of pigs as a reservoir for human HEV disease has previously been reported with up to 21 .1% seroprevalence [8] . HEV-RNA was detected in six cases from sera or stool. Characterization and phylogenetic analysis of ORF1 and ORF2 sequences of Thai strains showed that they clustered within HEV genotype 3f. One case from our series harbored HEV resembling swine HEV that has been previously reported [8] . Our HEV sequences exhibited the same genotype (3f) closely related to the swine HEV Thailand strains [26] . Infection of the Thai population may have originated from raw pork or contaminated water and food on pig farms.
In conclusion, acute HEV infection in Thailand can be found sporadically and has various clinical presentations and outcomes. Higher mortality rate and longer duration of hospitalization were observed in very elderly, cirrhotic and immune-compromised patients. HEV genotype 3f was detected in all cases and the infection may have originated from swine.
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